Reports describing trials of exchange resins in removing cations from the gastrointestinal tract of experimental animals have been limited to toxicity studies and to measurements of the relative magnitudes of the oral intake and the stool output (1-3). In the experiments presented in this paper changes in serum, urine, and stool components, as well as the external and internal balances of certain electrolytes and of nitrogen have been determined in dogs receiving a carboxylic cation exchange resin in one of two forms. The chemical and physical characteristics of these agents have been described in detail in the introductory paper (4).
Reports describing trials of exchange resins in removing cations from the gastrointestinal tract of experimental animals have been limited to toxicity studies and to measurements of the relative magnitudes of the oral intake and the stool output (1) (2) (3) . In the experiments presented in this paper changes in serum, urine, and stool components, as well as the external and internal balances of certain electrolytes and of nitrogen have been determined in dogs receiving a carboxylic cation exchange resin in one of two forms. The chemical and physical characteristics of these agents have been described in detail in the introductory paper (4).
MATERIALS AND METHODS
Mongrel female dogs, maintained on a commercial feed ("Friskies") 1 and allowed free access to water, received a carboxylic cation exchange resin in the hydrogen or the sodium form for periods of seven to 11 days. In some instances beef extract or milk and sugar were used to enhance palatability, but many animals nonetheless lost weight partly or entirely as a consequence of anorexia induced by the regimens employed. Since this occurred to an equal degree when control and recovery periods of comparable length were alternated with resin periods it represented a common denominator in our experiments. The beginning and the end in each interval of the study were marked by catheterization of the urinary bladder, measurement of body weight and withdrawal of venous blood for analysis of blood nonprotein nitrogen (NPN) and sugar, and of serum carbon dioxide content, chloride, sodium, potassium, calcium, phosphorus and water, using previously described methods (5) (6) (7) . The pH of anaerobic samples of serum was determined by means of the glass electrode. Food and resin intake, stool and urine output as well as any vomitus or rejected food were collected, measured, and analyzed separately for nitrogen, sodium, potassium and chloride content (8) (9) (10) . Stools were removed from the cage and weighed immrediately. Procedures for partitioning the external balances into extracellular and cellular components have been described only in part in previous publications (11) (12) (13) (14) (15) (16) (17) and are therefore appended in detailed form. 1 Content per 100 g.: Na, 17.6 meq.; K, 10.2 meq.; Cl, 162 meq.; and N, 3.42 g.
With but minor exceptions all findings have been subjected to conventional statistical analyses (18) . In the case of the body weight and the serum constituents values observed at the end of each control, experimental, or recovery interval were subtracted from those present at the start of the particular period under scrutiny and expressed as increments or decrements (±t A). After the means of these changes had been calculated (values greater than 2 S. D. were discarded) the resin and post resin values were compared with those of the control periods. Changes were considered significantly different statistically when "p" for the "t" test was 0.05 or less. Urinary and stool output and the balance data were analyzed in terms of per diem values. The constituents of the stools have in addition been expressed in relation to stool mass as well as in terms of stool nitrogen. The data are presented in three tables; the statistical evaluation has been summarized in Table IV and in Figures 1  through 3.   RESULTS I. Experiments zwith the carboxylic cation exchanger in the hydrogen cycle A. Serum constituents: Table I and Figure 1 reveal that the administration of the hydrogen cycle resin produced a decrease in the serum sodium, carbon dioxide content or bicarbonate, and water concentrations, while the levels of chloride increased. The decrement of water was too small in magnitude, however, to account for the change in chloride. In some instances the change in carbon dioxide was accompanied by a fall in pH. All of these alterations disappeared following withdrawal of the resin. The mean decrease in serum potassium during resin therapy and the subsequent changes during recovery were not significant.
B. Losses in stool: Ingestion of the cation exchanger in the hydrogen cycle was accompanied by increases in the excretion of sodium and potassium in feces without alteration in the losses of chloride and nitrogen (Table II and Figure 2 nitrogen merely decreased in concentration but not in vomitus from the respective intake of these conin the total amount lost per unit of time. In the stituents in food revealed that during the adminisperiods following resin the volume and composition tration of the hydrogen cycle resin the losses of of urine returned to values indistinguishable from potassium from the body were increased without controls. any statistically significant change in the balances D. Balance data: Subtraction of the electrolytes of chloride, sodium or nitrogen (Table III and and nitrogen lost in stools, urine and occasionally Figure 3) . The Ingestion of the H form of the resin increased the stool excretion of potassium and of sodium above control values. This was accompanied by decreased urinary output of these electrolytes. The sodium form of the resin also raised the stool potassium and sodium. Urinary potassium in these experiments, however, did not decrease below control values; urinary sodium on the other hand rose markedly. The changes in stool chloride were present only irregularly and were of small magnitude, and no significant alterations occurred in urine chloride. Nitrogen excretion was not altered. the control periods reflect the anorexia and weight loss cited earlier.
Partitioning of the balances into extracellular and cellular phases reveals that the observed negative values for potassium represent losses of this II. Experiments urith the carboxylic cation exchanger in the sodium cycle A. Serum constituents: In contrast to the hydrogen form of the resin, the exchanger charged with sodium did not produce acidosis, hyperchloremia nor hyponatremia (Table I and Figure 1) . A mean decrement of -3.6 meq./l. did occur in the serum chloride concentration.
B. Losses in stool: The effects of the sodium cycle resin on stool constituents were qualitatively similar to those observed during hydrogen resin therapy ( Figure 2 ). As might be expected from the greater intake of sodium in using the exchanger in the sodium cycle, this cation appeared in much greater amounts in the stool. At the same time there occurred an approximately two-fold increase in the amount of potassium excreted each day in contrast to the three-fold rise observed in the hydrogen resin studies. Stool mass, stool chloride and stool nitrogen did not vary significantly from the control values.
C. Losses in urine: Ingestion df the carboxylic cation exchanger in the sodium cycle was associated with increases in urine volume (Table II) and decreases in urine potassium and nitrogen concentration quite comparable to those recorded in the hydrogen resin experiments (Figure 2 ). On the other hand, in contrast to the results in the first group of studies, the animals receiving the sodium cycle resin showed an increase in the daily urinary sodium output. These reflected of course absorption and subsequent urinary excretion of sodium released from the sodium form of the resin. Finally, it should be pointed out that the doubled output of potassium via the gastrointestinal tract was not accompanied by a compensatory fall in the uri- Balance data: A significant proportion of the course from the hydrogen cycle resin studies in sodium -released from the carboxylic cation exwhich reciprocal relationships could be postulated changer and then absorbed was retained within following a greater, i.e., a three-fold rise in the the body despite the increases in urinary output amounts of potassium lost in stools.
CARBOXYLIC CATION EXCHANGE RESIN EFFECTS IN DOGS
described above. The data in Table III and Fig-989 ure 3 indicate that this was associated, in contrast to the findings in the hydrogen resin studies, with an expansion of the chloride space.
DISCUSSION
Hydrogen resin therapy in dogs lowered serum sodium levels and raised the concentrations of serum chloride. The latter change is reminiscent of a similar response induced by acidifying diuretics The columns represent mean daily total (external), extracellular, and intracellular balances of chloride, sodium, and potassium in milli-equivalents and of nitrogen in grams during the indicated therapy. To observe the resin effects compare the balances during their administration to those during the control period. Asterisks denote mean values significantly different statistically from those characteristic of the control studies. Significant changes during H resin ingestion consisted of an approximately three-fold increase in the negative total balance of potassium. This cation was lost from the intracellular space both with and in excess of nitrogen since the cellular potassium represented has been corrected for the metabolism of protein. Sodium and water were lost from the extracellular or chloride space in the proportions in which they are usually present in this compartment. Balances during the post H resin period were similar to the control interval. The negative balances during both regimens reflect the inadequate dietary intake of the animals. Comparable diets were eaten, however, during all periods. In the Na resin studies exogenous sodium was retained in the expanded extracellular space and potassium increased slightly in this same compartment. (19, 20) . This failure of augmented exresins in the hydrogen cycle is analogous to the ef-cretion of sodium and potassium may be a reflecfects of administration of ammonium chloride (19, tion of increased stool output of these ions. Fur- 20) , and similar acidifying substances, with respect thermore urinary excretion of potassium and soto production of metabolic acidosis and water diu-diumr although reduced by the resin might have resis. In the case of the resin, however, the renal been even lower if acidosis had not occurred.
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Nevertheless data of the present study constitute evidence against the hypothesis that the water diuresis produced by acidifying substances is necessarily related to augmented renal excretion of sodium or potassium.
Despite the unequivocal character of the two-fold or greater rise in stool sodium during hydrogen resin therapy, and the statistically significant decreases in serum as well as extracellular sodium, the external balances of this electrolyte were not altered. This is in great measure and perhaps entirely attributable to the profound reduction in urinary sodium. This adjustment occurring regularly would obviously make it difficult if not impossible to produce salt depletion. It also suggests that even with the comparatively large doses used in these studies the resin seldom removes endogenous sodium in amounts sufficient to produce negative external balances of this cation. It should be pointed out, however, that in the diets employed in this study large amounts of sodium were ingested. No data are available to indicate whether or not depletion of endogenous sodium could be achieved by using the hydrogen form resin during regimens sharply restricted in sodium.
Similarly, as in the case of the sodium ion, the daily urinary losses of potassium declined as stool excretion of this cation rose several fold during hydrogen resin therapy. It should be emphasized, however, that in absolute terms more potassium than sodium was lost in stools during hydrogen resin ingestion. Since the diets employed and thegastrointestinal secretions contained preponderantly greater amounts of sodium than of potassium, it is obvious that the larger losses of potassium reflect the recognized greater affinity of the carboxyl cation exchangers for this element over sodium. The large increase in stool potassium during resin therapy, together with a proportionately smaller decrease in the concomitant urinary losses of potassium, resulted in negative balances of body potassium. The losses represented decreases in cell potassium, since extracellular potassium did not change. The accompanying deficits of cell nitrogen were of insufficient magnitude to account for all of the potassium lost from cells. It is clear, therefore, that potassium was lost in these experiments both with and in excess of the catabolism of cell protein. This was not accompanied, presumably because the experimental periods were short, by any of the usual clinical indices of potassium depletion.
It has been previously noted in studies from this and other laboratories that such negative balances of potassium may be associated with an apparent entry of sodium into the cell (12, 14, 15) . The mean daily change in cell sodium, however, cannot be established as statistically different from the control values. It has already been pointed out earlier that in our studies with the hydrogen form of the resin cell potassium deficits developed during a metabolic acidosis, a state which may result in transfers of sodium out of cells (21) (22) (23) . These stimuli toward divergent movements of this ion may therefore have cancelled one another.
Finally it is evident that although administering the resin in the sodium cycle does raise stool potassium without concomitant a-cidosis, these increments are of lesser magnitude than those produced by the hydrogen resin and are not accompanied by decreases in serum potassium concentration, nor in the mean daily urinary potassium excretion. Potassium balances remain unaffected. It should be reiterated that use of this particular form of the exchanger results in considerable absorption and retention of the released sodium. This latter development results in positive balances of the electrolyte and expansion of the volume of the extracellular fluid as measured by the chloride space. SUMMARY 
